ABSTRACT A major question challenging immunobiologists relates to those mechanisms that control the selective movement of cells involved in immune and inflammatory processes at various tissue sites such as the skin. Little is known about those influences that control the selective migration of macrophage-like Langerhans cells (LC) to normal epidermis, where it is uniformly distributed. Mechanistically, this includes the interaction of blood-borne LC precursors with the vascular endothelium of the skin and those factors that control the migration of the LC into the avascular epidermal component of the skin. By using (i) monoclonal antibodies specific for I-region associated la antigens found on LC from various inbred strains of animals and (ii) the congenitally athymic (nude) mouse as an immunologically compromised recipient of allografts and selected xenografts, we developed a model system to study the factors that restrict LC migration into the epidermis. Using this model, which excludes the need to lethally x-irradiate graft recipients, we established that: (i) the ingress of LC does not show major histocompatibility complex restriction [LC of the nude host are capable of migrating into the epidermis of allogeneic and certain xenogeneic (rat) skin grafts]; (ii) host LC are incapable of migrating into the epidermis of guinea pig or human skin grafts; (iii) the ingress of host LC into the epidermis of the graft is not accompanied by an overgrowth of the graft by host epidermis; and (iv) LC or LC precursors are capable of dividing in the skin or, alternatively, represent an extremely long-lived cell population. The specificity of this model system provides a powerful tool to help understand many aspects of LC biology. Grafting human skin to the nude mouse not only provides a biologic support system for the graft but also is, by design, a system that is devoid of contaminating circulating precursor cell types. Manipulation of the experimental conditions is quite easy and provides a highly specific means to investigate many parameters of LC function.
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In addition to the well-recognized barrier function of skin, experimental observations have established that a complete immune response (antigen recognition through effector function) can occur in this organ (1) (2) (3) (4) . Currently, it is felt that Langerhans cells (LC) are critical to these responses. Investigators have shown that the outer layer of skin, the epidermis, is rather densely and uniformly populated (3-8% of the total population) with macrophage-like LC (5) (6) (7) (8) (9) (10) . Evidence that LC represent a specialized subpopulation of macrophages includes (i) their synthesis and membrane expression of class II major histocompatibility complex (MHC) antigens (Ia) (11) (12) (13) , (ii) their ability to present antigens in vitro and in vivo (14) (15) (16) (17) , and (iii) the presence of receptors for the Fc component of IgG and the C3b component of complement on their cell surfaces (18, 19 (22) (23) (24) .
The mechanisms that control the exit of precursor LC from the vascular system, their migration through the dermis and across the basement membrane, and their density and presence in a specific location in the avascular epidermis (above the germinative layer) are unknown. This highly selective and complex migration pattern makes the LC an especially attractive cell to study those Quantitation of Langerhans Cells. At various times after grafting (see Results), skin grafts were surgically removed from the nude mice and placed, dermal side down, in a solution of EDTA as described by Juhlin and Shelley (29) . After incubation for 2 hr at 370C, the epidermal sheet was carefillly peeled off the dermis and cut into pieces (=4 x 4 mm), and the presence and density of epidermal LC were analyzed. The number of ATPase positive epidermal cells (presumably the total number of LC) was determined as described by Mackenzie and Squier (10) by randomly counting 20 fields at x400 with an ocular grid of known area. With these data, the number of LC per mm2 was calculated. Depending upon the source of the skin graft being investigated, specific monoclonal reagents or alloantisera also were used to establish the presence of epidermal LC. The 4 X 4 mm section of the epidermalsheet was briefly fixed in cold acetone, rehydrated with phosphate-buffered saline, incubated for 16 present with cells that are dendritic, pigmented, and located interfollicularly (see Fig. 1 ). Quantitation of Langerhans Cell Migration. Quantitation of the density of ATPase-positive cells and of host-and donorIa-positive cells found at various times after grafting in the epidermis of allografts and rat, guinea pig, and human xenografts are presented in Table 3 . The density of ATPase-positive cells in the mouse allografts remained quite constant over the 9-wk testing period. The density of I-Ad-positive epidermal cells achieved a density equivalent to the total number of ATPase-positive cells. Quantitation of the density of LC of graft origin became impossible, because by 3 wk after grafting, it was observed that all of the epidermal cells (LC plus keratinocytes) began to express the Ia antigens of the donor haplotype. This phenomenon also took place in the grafted rat skin, the other combination where the infiltration of host LC was consistently observed. Further analysis of this phenomenon has shown it to be a consistent condition that is associated with some physiologic difference between normal and nude animals.
A photomicrograph is shown (Fig. 2) after its grafting onto the trunk of syngeneic animals (data not shown).
As expected, both guinea pig and human skin showed essentially no infiltration of I-Ad-positive cells, indicating that murine LC are incapable of populating these tissues under these conditions. This provides the opportunity to monitor persistence of LC in an environment that is devoid by design of circulating LC precursors of graft (guinea pig or human) origin. Over the 9-wk test period, LC of human or guinea pig origin remained detectable in the epidermis of these skin grafts (Table 3) . A comparison of the numbers of LC in human skin by the ATPase and anti-HLA-DR techniques before and after grafting suggested an initial reduction. However, an extended analysis of these grafts to 16 wk showed that the number of LC stabilized in the vicinity of 500-600 cells per mm2. These data suggest either that the LC are extremely long-lived or that precursors for this cell exist within the grafted skin.
DISCUSSION
A major question for immunobiologists relates to the mechanisms responsible for the directed movement of lymphoid cells into and within selective tissues. Examples include (i) the presence of specific subpopulations of B lymphocytes with tropism for Peyer's patches that, upon stimulation, migrate to the lamina propria and (ii) the preferential migration of certain subpopulations of T lymphocytes to peripheral lymphoid organs (30) (31) (32) (33) (34) (35) (36) . The LC appears to be an excellent example of an immunocompetent cell with highly specific and restricted migration patterns. It has been shown that LC are derived from bone marrow and that their precursors circulate in the vascular system (20, 21) . It is presumed that they must exit through the endothelium of the vascular system supplying the dermis, migrate peripherally through the dermis, cross the basement membrane, and take up their presumed functional residence in a specific area of the epidermis, immediately above the germinative layer.
The presence of a "macrophage-like" cell in the skin plus the clinical examples of skin diseases possessing lymphocytes with tropism for this organ (e.g., mycosis fungoides) led to the proposal that skin-associated lymphoid tissue (SALT) circuits exist. This hypothesis suggests that there is a prerequisite selective trafficking of lymphoid cells to the skin and that these cells are able to recognize and respond to antigen within this organ (37, 38) . The observations presented herein provide insight into the mechanisms that control the selective trafficking of LC. We have determined that the infiltration of LC into the epidermis is not controlled by the MHC and is capable of crossing certain xenogeneic barriers. However, the anatomic location of factors that regulate LC migration is unknown (e.g., is it controlled at the level of the endothelium, the dermis, or the epidermis?). Recombinant grafting techniques, using human epidermis and mouse dermis (or vice versa) on the nude mouse may provide a system to address these critical questions.
The persistence of donor LC in nearly pregraft numbers in guinea pig and human skin, in a milieu where the surrounding epidermal cells are constantly being shed, suggests that this cell has a critical role in the normal structure and function of the skin. Recently, these roles have begun to be unravelled.
Viable and healthy LC are effective in antigen presentation, thus providing an immune recognition function to the skin (14-17, 22, 24) . The LC also may play a pivotal role in the structure of the skin. It has been proposed that the proliferation and differentiation of the epidermis are controlled by LC; however, although this is an attractive hypothesis, it is unproven (24, 39, 40) .
Our data indicate that the human LC are -either long-lived (cannot be dislodged) or can proliferate locally (either in the epidermis or in the dermis). In a study quantitating LC by both Ia and ATPase expression, we have shown that LC can be nearly eliminated from grafts of human skin by either UV radiation or the topical application of corticosteroids (25) . These preliminary observations have confirmed similar findings in systems where circulating precursors are present (41, 42) . In our system where no circulating LC precursor cells are available for repopulation, the quantitative reductions of LC were also only temporary. The density of LC, by ATPase and anti-HLA-DR techniques, returned to pretreatment levels by 3 wk after the attempts at depletion (25) . Utilizing autoradiographic techniques, other investigators have shown that LC appear to undergo cell division in situ (43, 44) .
The barrier that restricts the ingress of murine LC into guinea pig or human skin is unknown. There are at least three possibilities: (i) the degree of histocompatibility between LC and the surrounding epidermis, (ii) the existence of some functional barrier at the level of the endothelial lining, or (iii) the lack of an appropriate chemotactic factor. Although the mechanism(s) that controls the selective migration of LC is still unknown, there is a growing body of knowledge of mechanisms directing the migration of lymphocytes. The directed migration of subpopulations of T lymphocytes to particular lymphoid organs (B lymphocytes to Peyer's patches and T lymphocytes to peripheral nodes) and lymphoid cell movement to specific anatomic locations within lymph nodes (cortex vs. medulla) strongly suggest that some type of system exists to control this directed movement. Several groups of investigators have been studying this phenomenon and have developed a working hypothesis. It is proposed that the thickened endothelium of the postcapillary venule (high endothelial cell venple, HEV) possesses receptors that specifically interact with lymphocyte receptors (31) (32) (33) (34) (35) (36) . Using frozen sections of mouse lymph nodes as substrate, Weissman et aL (31) have shown that allogeneic and syngeneic lymphocytes bind murine HEV equivalently. Lymphocytes of rat origin also are capable of murine HEV binding; however, lymphocytes from guinea pig and human origin bind to the HEV substrate quite poorly (28) . The controlling influences appear to associate with the phylogenetic separation between the donor and recipient (28) . We have preliminary data that show that the endothe-lium of the vessels of the dermal component of the human grafts remains totally human (unpublished observations). A lack of appropriate receptors for nude mouse precursor LC on the endothelial cells of the HEV of the grafted-skin may partially explain our findings with the human and guinea pig skin grafts. Thus, the selective homing of LC into the skin may be regulated by a system that is similar to that described for the control of lymphocyte migration through HEV.
Our study suggests that the ultimate density of LC in a skin graft appears to be determined by the host. Rat ear skin, which normally has a lower density of LC than does mouse skin, has greater numers of LC per unit area after transplantation to the nude mouse (see Table 3 ). Analyzing the number of LC by anti-rat and murine; specific staining procedures established that the observed increases in ATPase-positive cells (greater than 5 times) found in grafted rat skin were of mouse origin.
In summary, we have uncovered an apparent genetic restriction that controls LC migration from the blood into the epidermis. Superficially, the mechanisms that regulate LC precursor movement into the skin appear to parallel those observed with lymphocyte-lymph node HEV binding and relate to the phylogenetic separation between host and donor (28) . The molecular basis for this restriction and the elucidation of dermal or epidermal control of this phenomenon represent areas of future important research.
